Method ME sensors ME laminate composites are a recent development that has the promise for compact-size, lowcost and room-temperature-operated biomagnetic liver susceptometry with an ultrahigh sensitivity [39][40][41][42][43][44][45] . By employing magnetoelectric composite principles, the sensitivity of the ME sensor system in Fig. 2 can be expressed as 46-49 ,
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Method ME sensors ME laminate composites are a recent development that has the promise for compact-size, lowcost and room-temperature-operated biomagnetic liver susceptometry with an ultrahigh sensitivity [39] [40] [41] [42] [43] [44] [45] . By employing magnetoelectric composite principles, the sensitivity of the ME sensor system in Fig. 2 50, 51 . Equation (S1) shows the dependence of the field sensitivity of the ME sensor on the material parameters such as piezo-coefficient d p , magnetostrictive coefficient ΔS m /ΔH a , and elastic compliance of both the piezo-and magneto-layers. The PZT/Terfenol-D sensor, with high piezo-coefficient and magnetostrictive coefficient, which has an equivalent magnetic noise of 0.99 nT/rt Hz at 1 Hz, shows promise for applications on the biomagnetic sensors. Fig. S3 is the ME coefficient of PZT/Terfenol-D sensors which has a maximum coefficient around 0.6 V/cmOe. As shown in Fig. S4 , after 400X amplification, at 0.5
Hz, the noise level in Channel A is 185 µV. After the first order gradiometer, the system noise level is reduced to 50.8 µV at 0. 
Liver Phantom Preparation
Tissue-mimicking materials are adopted to customize the design and fabrication of the liver phantoms. FeCl 2 (Iron II chloride) (Sigma 372870) was used for the liver iron; the solution is mixed with Agar (Sigma A7921) and heated until boiling. DI water (dH 2 0) is mixed with Agar (Sigma A7921) into the beaker of 1500 ml with a proper ratio. The mixed solution is then degassed by heating slowly to boil with magnetic stirs in it. FeCl 2 is added to the boiled Agar/Water solution after it cools down below 70 o C.
After the solution is made, it is slowly poured into the phantom container (preventing extensive bubbling). The rest of DI water is added till the bottle filled up. The container is carefully shaken to get bubbles rise up to its mouth. The bubbles are then removed with a syringe.
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39. The schematic of an ME sensor system consisting of the ME laminate and the readout electronics. (bottom) the schematic illustration of the operating principles of an ME magnetic sensor. By tailoring the magnetostrictive layer composition, the ME sensor can have a high sensitivity to detect the weak AC biomagnetic signal while under a strong external DC magnetic field. Magnetic Field (Oe) ME Coefficient (V/cmOe) Fig. S4 . The noise spectra of the sensor system. Noise(A) is from a single sensor and Noise (A-B) is from the first order gradiometer. Note that Noise(A) has a noise peak from an unknown source at approximately 1.5 Hz. This noise peak is eliminated due to the common mode rejection ability of the first order gradiometer configuration.
